Purpose: To assess the prevalence and associated risk of potentially inappropriate prescribing (PIP) in older adults. Methods: This was a national 3-year retrospective study of outpatient older adults exposed to potentially inappropriate medication (PIM) or polypharmacy. We used the Beers Criteria 2019 list to identify PIM to be avoided in older adults. We define moderate polypharmacy (MoP) and major polypharmacy (MaP) as using 6-10 or >10 chronic medications, respectively. Determinants of PIP included patients' demographics, lab results, medications, comorbidities, and home healthcare services. We used Chi-square (for categorical variables), Unpaired t-test and ANOVA (for continuous variables as applicable) to assess the association of these determinants with PIP. Univariate followed by multivariate logistic regression models were used to get the crude and adjusted odds ratios of exposure to PIM or polypharmacy within patients who had emergency department (ED) admissions, bone fractures, falls, or constipation, compared to those who had not. Results: 3537 patients were included. 62.6%, 40.4%, and 27.2% were exposed to PIM, MoP and MaP, respectively. Determinants of PIP included age, gender, ethnicity, weight, kidney function, sodium levels, hypertension, diabetes, heart failure, CAD, and home healthcare services (all with p-value < 0.05). PIM was associated with risk of ED admission, bone fracture and constipation with adjusted OR (p-values) of 1.27 (0.002), 1.33 (0.005), and 1.40 (<0.001), respectively. MoP was associated with the risk of ED admission, bone fracture, and constipation, with adjusted OR (p-values) of 1.27 (0.012), 1.34 (0.019), and 1.47 (<0.001), respectively. MaP was associated with a higher risk of ED admission, bone fracture, falls, and constipation with adjusted OR (p-values) of 1.46 (0.001), 1.59 (0.002), 1.39 (0.023), and 2.07 (<0.001), respectively. Conclusion: PIP is common and is associated with an increased risk of poor clinical outcomes in older adults.
Introduction Background
It is well established that our world is aging. The population aged over 60 years is increasing quicker than all younger age groups. By 2050, 16% of the world will be 65 years or over, compared to 9% in 2019. 1 As an individual grows older, the routine of prescribing medications increases due to the co-existence of multiple co-morbidities, with each requiring one or more medication to be managed which led to the emergence of the phenomenon called polypharmacy. 2 Polypharmacy can be clinically defined as using any medication without appropriate indication. While for research purposes, there is no single accepted numerical definition. However, the use of more than 5 medications is a widely accepted cutoff point. 3, 4 Appropriate polypharmacy is the application of the related guidelines to patients with multiple chronic issues. This exposes them to multiple medications, increasing the chance for Drug-Drug Interactions (DDI) and adverse drug reactions (ADRs). 5 Recently, "inappropriate polypharmacy" expression used to describe medications that introduce a significant risk of ADRs when there are lower-risk and equally or more effective alternatives available. 6 It also describes the use of medicines at higher frequencies, for longer durations, than clinically indicated, or the use of multiple medicines that have recognized drug-disease interactions. 7 Similarly, Potentially Inappropriate Medication (PIM) is the medication that increases the risk of ADRs when there is a safer alternative available. 8 It is used to define the quality of the prescribed medications rather than the accumulated quantities.
Though PIP can be entirely appropriate in several cases amongst the young adult population, safe and effective prescribing in the elderly is challenging. This is mainly because of the age-related pathophysiological changes as enzymatic dysfunction and liver and kidney function decline that is impacting the pharmacokinetics and pharmacodynamics of medications. 9 In addition, the elderly exhibits pronounced response to certain medications especially those affecting the central nervous system, so the incidence of ADRs is expected to be higher compared to the younger population. 10 Having multiple chronic comorbidities, taking several medications from a variety of physicians, and having age-related pathophysiologic changes, older adults are at increased risks of accumulating polypharmacy and PIM and hence ADRs, DDIs, and hospitalization. [11] [12] [13] [14] 17, 18 Generally, polypharmacy and PIM representing two arms of Potentially Inappropriate Prescribing (PIP) that may cause harm to older adults.
The appropriate prescription should maximize efficacy, safety, minimize cost, and respect patients' preferences. 15 In a retrospective national study (n= 338 801) in Ireland, PIM represents 9% of the overall pharmaceutical cost in patients ≥70 years in 2007. 16 As a result, many screening tools have been published to identify inappropriate prescribing in the older population in the USA and Europe in the past few decades. 46 assessment tools were available worldwide between 1991 and 2013. 19 One of the most validated tools is "Beers Criteria" for PIM in older adults that were started in 1991 and was prepared later in 2012, 2015 and 2019 by the American Geriatric Society. 20 Researches on PIM and polypharmacy among older adults are common in the western world. 21 However, there are little researches in the Middle East, and particularly nothing published in Qatar about community-dwelling older adults. Population older than 60 years in Qatar is expected to increase from 2.3% of the total population in 2015 to 19.8% in 2050. 22 In addition, this study becomes more feasible after years of using a national Electronic Health Record (EHR) for all the governmental primary and secondary healthcare centers and hospitals.
Objective
The objective of this study is to determine the prevalence of both PIM and polypharmacy amongst the elderly population followed-up in the main geriatric hospital in Qatar at the outpatient clinics and explore their significant determinants and associated risks in a period of 3 years.
Methods

Study Design
This was a national registry-based retrospective study of outpatient older adults who exposed to PIP as compared to those who did not expose for the last 3 years. The main exposure was PIP which involved PIM and polypharmacy in two independent analyses.
For the PIM evaluation, the sample was divided into two groups depending on PIM exposure. However, for polypharmacy, patients were categorized into three groups according to the maximum number of chronic systemic medications used simultaneously. Determinants of PIP included patients' age, gender, weight, Body Mass Index (BMI), kidney function estimation, ethnicity, the number of chronic systemic medications and comorbidities, hypertension, diabetes, heart failure, Coronary Artery Disease (CAD), schizophrenia/bipolar disorder, dementia, and the need for home healthcare services.
A univariate logistic regression used to identify the association of PIP use with the incidence of Emergency Department (ED) admission, bone fracture, falls, and constipation. Then, the determinants were included in a multivariate logistic regression model to get the adjusted odds ratio.
Setting And Participants
All the older adults attending geriatrics outpatient clinics in the central geriatric hospital (Rumailah Hospital, Hamad Medical Corporation, Qatar) through 2018 are screened for this study. Patients who did not complete the age of 65 years by Jan 1, 2018, were excluded from the extracted report. Patients demographics, medications, results, diagnoses and admissions through the past 3 years since Jan. 2016, were extracted from the EHR system (Cerner system ® ). The extracted data were validated, de-identified and listed in excel sheets by three healthcare professionals including medical informatics specialist.
Variables And Data
The main exposures were PIM use and polypharmacy, which were used as categorical variables. The medication was considered as PIM if it is found in the 2nd table of the 2019 Beers list of medications that should be avoided in older adults independent of their indication or patient comorbidities ( Supplementary Table S1 ). Our list of medications included 85 PIMs in Anticholinergic, Anti-infective, Cardiovascular, . All these criteria were applied by a geriatric healthcare professional and reviewed by a geriatric clinical pharmacist through screening of clinical notes for the patients using these medications. The patient was considered in the PIM exposure group if he used at least one medication from the previous Beers list of medications between Jan 1, 2016, and Dec 31, 2018, otherwise, he was considered as unexposed to PIM. We identified polypharmacy using chronic systemic medications only. Therefore, we excluded medications dispensed for less than 4 weeks through the study period, used topically or duplicate orders. Patients who did not use more than five chronic medications were considered "without polypharmacy" while those who used 6-10 or more than 10 chronic medications were considered as MoP or MaP, respectively.
Patients' characteristics extracted were age, nationality, gender, weight, height, serum creatinine, medications, Diagnoses, medical problems, and admissions. CAD identified as any form of angina or myocardial infarction. Chronic kidney disease (CKD) stages were classified as per the National Kidney Foundation system using eGFR which was calculated using the 2009 Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation. 23, 24 We considered dialysis patient as stage G5 regardless of the serum creatinine level. BMI was calculated using the common formula of weight in kg divided by height in meters squared (kg/m 2 ) and classified into 6 categories. 25 Patients from 53 countries were grouped into 6 ethnicities depending on the geographical distribution as Gulf, North African, Black African, Asian, Eastern Mediterranean, and white ethnicities ( Supplementary Table S2 ). Total anticholinergic and CNS active medications used per patient identified through the comprehensive lists mentioned in the 2019 Beers criteria. 20 Bias CKD staging used only the value of eGFR which is a good indicator for kidney function but it is not the only CKD staging criteria. ED admission may result from comorbidities that are causing polypharmacy, as patients who are taking fewer medications are expected to be healthier. However, testing other outcomes like falls, fractures, and constipation besides adjusting our results to the most common comorbidities and disabilities that can cause ED admissions, may show us the negative health outcomes associated with using many medications. In addition, falls documentation accuracy depends on many factors that are not monitored in this study such as the attending physician specialty, patient socioeconomic factors, and severity of fall. This may explain the poor association that we found between falls and PIM or MoP.
Study Size And Power
We used convenience sampling by including all patients aged 65 years or more and visited any of the outpatient clinics in our central geriatric hospital through 2018. Using the included sample size of 3537, this study was at least powered at 85.1% to detect an odds ratio of 1.25. This was calculated using a Chi-square test for two-sample proportions, assuming that 30% of the control group is exposed to the risk and at an alpha level of 0.05 using a two-sided confidence interval.
Statistical Methods
PIM prevalence was the percentage of patients using at least one PIM in the total sample. The number of chronic DovePress medications was categorized into three categories of 0-5, 6-10 and > 10, so the prevalence of each polypharmacy group is calculated separately. The difference in PIP determinants was tested using the chi-square test for categorical variables and summarized as numbers and percentages. For continuous variables in the two PIM groups t-test was used and summarized as mean and standard deviation (Table 1 ) and the difference in means was listed in the Supplementary Table S3 . ANOVA was used for continuous variables in the 3 polypharmacy groups (Table 1) . Bonferroni multiple-comparison test was used after ANOVA if it resulted in significant p-value to check for which groups were different ( Supplementary Table S4 ).
Continuous variables were used in their original continuous form, while age, BMI, eGFR, and sodium were categorized into clinical subgroups as well. Numbers of PIMs, chronic medications, comorbidities, CNS-active medications, anticholinergics, and ED admissions treated as continuous variables. Missing data count and percentage are listed under each relevant variable in Table 1 .
A univariate logistic regression used to identify the association of PIP with emergency admission, bone fracture, falls and constipation all as categorical outcomes compared to those without PIP. Then, the determinants found in the baseline characteristic results were included in a multivariate logistic regression model to get the adjusted odds ratio. The analysis was done initially using complete case analysis approach, however, and because of the expected missing data in lab results (weight, sodium, and creatinine), a final multivariate regression model was done after using multiple imputations (MI) to replace missing observations. Multiple imputations included all the available observations for the patient. We listed the three odds ratios along with their 95% Confidence Intervals (95% CI) and p-values in Table 2 . STATA 15 was used for all the statistical work. PIMs were more prevalent in females than males (68.7 vs 57.7%, p<0.001) and in patients aged 80-84 years (69.6%, p=0.003) than other age groups without significant difference in age per years (p=0.082). PIM prevalence increased persistently over the BMI groups from 60.6% in the underweight group to 77.4% in the class III obesity group with 2.6 kg higher weight (95% CI 1.21-3.98) and 1.14 kg/m 2 higher BMI (95% CI 0.63-1.65) than those without PIM. In addition, it increased persistently over the CKD stages from 61.8% in the stage G1 to 76% in the stage G5 with 4.1 mL/min/1.73 m 2 lower eGFR (95% CI 2.38-5.81) and 9.05 µmol/L higher serum creatinine (95% CI 3.38-14.72) than those without PIM. PIM was more common as 72.2% (p=0.013) in patients with hyponatremia compared to 65. 3 while no significant difference was found with dementia or schizophrenia/bipolar disorders. PIM group also had 0.7 chronic comorbidities (95% CI, 0.60 −0.77), 5 chronic medications (95% CI, 4.7-5.3), 1 CNS-active medication (95% CI, 0.8-1.1), 0.9 anticholinergic medication (95% CI, 0.8-1.0), and 0.5 ED admissions (95% CI, 0.30-0.77) more than those without PIM ( Supplementary Table S3 ).
Results
Sample Characteristics And PIP Determinants
Polypharmacy
Overall 2393 (67.7%) of the total sample used > 5 chronic medications, 1430 (40.4%) used 6-10 while 963 (27.2%) used > 10 medications. 39.2% of the overall polypharmacy aged 65-69 years compared to 6.1% aged 85 years or more, 52.1% males, 61% Gulf nationals, 35.1% with obesity classes I-III, and 29.9% were G3a-G5 CKD stages with eGFR < 60 mL/min/1.73 m2.
MoP was slightly more prevalent in females than males (41.6 vs 39.5%, p<0.001) and in patients aged 80-84 years (44.2%, p=0.001) than other age groups without significant difference in age per years in the Bonferroni post-ANOVA test. It was more prevalent in obese-class II patients (44.5%, p<0.001), 2.7 kg higher weight (p=0.002) and 0.9 kg/m 2 higher BMI (p=0.011) than those without polypharmacy. Although there was a fluctuating pattern of MoP over CKD stages, MoP patients had 5.8 mL/min/1.73 m 2 lower eGFR (p<0.001) and 13.6 µmol/L higher serum creatinine (95% CI 3.38-14.72) than those without polypharmacy. They had 0.5 mEq/L lower sodium (p= 0.004) than those without polypharmacy ( Supplementary Table S4 ). MoP was 42.0, 41.8, 41.4, 37.7, 35.8, and 34.8% (p<0.001) in the Eastern Mediterranean, Gulf, North African, Black African, Asian, and White groups, respectively. Compared to patients without polypharmacy, MoP was more prevalent in patients diagnosed with diabetes (45.3 vs 33.0%, p<0.001), hypertension (44.9 vs 22%, p<0.001), CAD (41.3 vs 40.1%, p<0.001), infection (42.6 vs 36.1%, p<0.001) and patient under home healthcare service (44.8 vs 39.6%, p<0.001). MoP was less prevalent in patients with heart failure (31.6 vs 41.7%, p<0.001) while no significant difference was found with dementia and schizophrenia/bipolar disorders. MoP group also had one chronic comorbidity (p<0.001), 0.6 PIMs (p<0.001), 0.5 CNS-active medications (p<0.001), 0.5 anticholinergic medications (p<0.001), and 0.4 ED admissions (p<0.001) more than those without polypharmacy ( Supplementary Table S4 ).
Major Polypharmacy (MaP) was more prevalent in females than males (30.6 vs 24.5%, p<0.001) and in patients aged 75-79 years (31.2%, p=0.001) than other age groups with a significant increase of 0.8 years (p=0.034) than patients without polypharmacy in the Bonferroni post-ANOVA test. MaP prevalence increased persistently over the BMI groups from 21.2% in the underweight group to 49.0% in the class III obesity group with 7.4 kg higher weight (p<0.001) and 2.2 kg/m 2 higher BMI (p<0.001) than those without polypharmacy. MaP increased persistently over the CKD stages from 21.9 in the CKD stage G1 to 56% in the stage G4 (then falls to 43.2 in the stage G5) with 12.4 mL/min/1.73m 2 lower eGFR (p<0.001) and 26.9 µmol/L higher serum creatinine (p<0.001) than those without polypharmacy. The MaP was more common as 43.2% (p<0.001) in patients with hyponatremia compared to 28.3 and 18.8% in patients with normonatremia and hypernatremia, respectively with 1.3 mEq/L (p<0.001) lower sodium than those without polypharmacy. We found MaP in 31.9, 26.3, 23.4, 19.8, 16.5, and 4.5% (p<0.001) of the Gulf, Eastern Mediterranean, North African, Asian, Black African and White groups, respectively. Compared to patients without polypharmacy, MaP was more prevalent in patients diagnosed with diabetes (39.3 vs 9.0%, p<0.001), hypertension (32.6 vs 4.9%, p<0.001), heart failure (56.8 vs 23%, p<0.001), CAD (46.3 vs 19.6%, p<0.001), infection (32.3 vs 17.0%, p<0.001) and patient under home healthcare service (33.6 vs 26.0%, p<0.001). No significant difference was found with dementia and schizophrenia/bipolar disorders. MaP group also had 1.7 chronic comorbidities (p<0.001), 1.2 PIM (p<0.001), 1.6 CNS-active medications (p<0.001), 1.2 anticholinergic medications (p<0.001), and one ED admission (p<0.001) more than those without polypharmacy ( Supplementary  Table S4 ).
Main Outcome Results
Although we found PIM, MoP and MaP significantly associated with the four clinical outcomes in the crude analysis, these results slightly changed after adjusting for confounders that were expected to be associated with the PIP and clinical outcomes ( Table 2) .
PIM
Before and after MI, PIM use was significantly associated with ED admissions (Adjusted Odds Ratio "aOR" = 1.27, 95% CI: 1.09-1.48, p=0.002), bone fractures (aOR = 1.33, 95% CI: 1.09-1.63, p= 0.005) and constipation (aOR = 1.40, 
Sensitivity Analyses
In total 778 (22%) out of 3537 records were incomplete regarding variables included in our regression model. Missing data were in weight (21.1%), serum creatinine (11.6%), and sodium level (12.4%). 406 (11.5%) patients out of the sample had missing data in the three variables. Many patients with missing data had no observations as they show up only for medication refills, and do not go through the whole process of physical assessment. Those patients are expected to be healthier with a low incidence of poor clinical outcomes. Multiple imputations currently considered as a first-line technique with better accuracy and power compared to other missing data techniques. We used all the available data including outcome variables in the multiple imputations to create and analyze 20 multiply imputed datasets for each variable with missing data. Incomplete data were imputed using the default settings of the MICE 3.0 package of Van Buuren and Groothuis-Oudshoorn 2011. 26 We ran the multivariate logistic regression initially and after multiple imputations. PIM was an insignificant predictor for falls before and after MI. However, it continued to be a significant predictor for ED admissions, fractures, and constipation. MoP was insignificant predictors for falls before and after MI as well. However, it was a significant predictor for ED admissions and bone fractures after MI and continued to be a significant predictor for constipation. On the other hand, MaP was a significant predictor of falls after MI, while continued to be a significant predictor for ED admissions, bone fractures and constipation after handling of missing data.
Discussion
Key Results
Our study found that older adults, who took at least one medication recommended to be avoided in the 2nd table of Beers 2019 list, are common and have significantly higher odds to visit emergency, have bone fractures, or encounter episodes of constipation. Moreover, patients with MoP (6-10 medications) or MaP (more than 10 meds) were associated with significant risk for the four study outcome, except for falls in the MoP group. There is a clear ascending risk of ED admission, bone fracture and constipation form patients with MoP to those with MaP. Significant determinants for PIP included age, gender, ethnicity, weight, serum creatinine, sodium, and comorbidities including infection, hypertension, diabetes, heart failure, and CAD, besides being under home healthcare services.
To our knowledge, this is the first study in Qatar which investigates the relationship between PIP and poor clinical outcomes, and the first worldwide to study falls, bone fractures, constipation as potential outcomes to the use of qualitative and quantitative PIP (PIM and MoP/MaP) in such multiethnic older adults population.
Our results were consistent with reported associations with poor outcomes in previous literature. A recent study in the UK by Rawle and colleagues reported that "polypharmacy and excessive polypharmacy were associated with poorer cognitive and physical capability, in which stronger associations were found for excessive polypharmacy". 27 Another study in 2015 identified: a dose-response relation between polypharmacy and allcause hospital admission (5-9 drugs: OR 1.34, 95% CI 1.32-1.36; ≥ 10 drugs: OR 1.98, 95% CI 1.94-2.03), and the use of potentially inappropriate medications was associated with a 27% increase in the risk of all-cause admission to hospital (OR 1.27, 95% CI 1.25-1.28). 28 On the other hand, a recent systematic review reported no association between regimen complexities measured by the Medication Regimen Complexity Index (MRCI) and emergency department visits. 29 The prevalence of inappropriate prescribing, and consequently its associated poor outcomes, internationally depends on the country conducting the research, and the tool used for detecting the PIM. In Belgium, the PIM screening with the Ghent Older People's Prescription community Pharmacy Screening (GheOP 3 S) tool produced a prevalence of 78% for PIM in community-dwelling older adults. 30 Similarly in France, using La Roche list, 46.8% of patients had at least one PIM. 31 A Spanish Study using START/STOPP criteria detected at least one PIM in 76.4% of patients. 32 A Danish study using MAI implicit criteria detected at least one PIM in 94.3% of patients, while an Austrian study using PRISCUS tool reported at least one PIM in 37.3% of patients. 33, 34 In Bahrain, PIM prevalence was 34.1% in older adults with hypertension or Diabetes mellitus. 35 While in Qatar, one study reported a 35% PIM prevalence in the home healthcare setting, using Beers criteria 2012. 36 The later prevalence may be lower than our finding (PIM in 70.6% of patients under home healthcare services) because of using an older version of Beers criteria and/or increased PIM prescribing.
Strengths
The essential strengths of this study are using both qualitative (PIM) and quantitative (polypharmacy) measures of PIP, classifying polypharmacy into three levels depending only on chronic systemic medications count, adjusting for many important confounders, and using the most recent version of Beers criteria 2019 to identify PIM. Measuring PIP association with ED admission besides other expected ADRs give us higher trust in the results. In addition, the relatively large sample size enabled us to evaluate clinical outcomes among different categories of PIP without compromising the power of the study or the significance of the results. Patients' records are completely electronic that facilitate retrieval of accurate data and avoid the misinterpretation and misclassification of information.
Limitations
The impact of hidden confounding factors in considering the relationship between PIP and clinical outcomes in observational studies is a big challenge. Non-adherence to the recorded medications is a common limitation in all registry-based studies. The negative outcomes associated with PIP outlined here maybe because of unmeasured comorbidities, so further work is required to explore this. In addition, our definition of polypharmacy was based on a numerical count, which, although widely accepted, is not a cutoff point in daily clinical practice.
Conclusion
PIM, moderate and major polypharmacy are quite common in community-dwelling older adults in Qatar and associated with increased risk of ED admissions, bone fractures, and constipation. This necessitates revising the available safer alternatives in the formulary, customized geriatric training for non-geriatric prescribers, effective multidisciplinary team evaluation, and special prescribing restrictions whenever applicable. Achieving the therapeutic goals with the lowest number of medications and implementing de-prescribing strategies may improve older adults' health outcomes. Beers criteria 2019 list of PIMs may be linked to poor outcomes in older adults. Further researches are required to identify other clinical outcomes (including mortality risks) associated with different categories of PIMs and polypharmacy.
Ethics And Approval
This study got an exemption notice from IRB approval as it was a retrospective data analysis. Patients' data were extracted, de-identified, coded, processed, and stored using a special secured computer to maintain the highest patient confidentiality.
